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Abstract
Background: Splenic preservation during a distal pancreatectomy (SPDP) may be performed with
splenic vessel ligation, known as Warshaw's Technique (WT) or splenic vessel preservation (SVP). The
consensus on which approach is best is divided. A systematic review of evidence in the literature was
undertaken with the aim of analysing the merits and disadvantages of both WT and SVP.
Methods: A systematic search of medical literature from 1985–2011 was undertaken to identify all
comparative studies and case series on SPDP. Non-English papers, series with < 5 patients, technical
reports and reviews were excluded. The remaining articles were reviewed considering the study design,
surgical technique, outcomes and complications.
Results: In 23 relevant studies, 356 patients underwent WT and 572 underwent SVP. In WT patients, the
mean operating time (160 versus 215 min, P < 0.001), mean estimated blood loss (301 versus 390 ml,
P < 0.001) and length of stay (8 versus 11 days, P < 0.001) was significantly less than the SVP patients,
respectively. Considering complications, splenic infarction and splenectomy occurred more frequently in
WT patients (P < 0.05).
Discussion: WT is technically easier to perform than SVP but has a higher incidence of subsequent
splenectomies. Surgeons should be able to perform both procedures and tailor the technique according
to the patient.
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Introduction
A distal pancreatectomy is commonly performed for benign
tumours with a low malignant potential, chronic pancreatitis and
trauma affecting the tail of the pancreas. This can be performed
with or without preservation of the spleen. A number of pre-
vious studies have shown the feasibility and benefits of splenic
preservation during a distal pancreatectomy, including a lower
risk of developing post-splenectomy sepsis andmalignancies in the
future.1
Spleen preservation can be achieved with ligation and transec-
tion or preservation of splenic vessels. Splenic preservation with
ligation and transection of the splenic artery and vein, relying on
collateral circulation from the short gastric vessels, was described
by Warshaw in 1988 in an open distal pancreatectomy.2 Since
then many reports have confirmed the feasibility and safety of
this procedure in the absence of locally advanced disease or
splenomegaly.3–5 An alternative technique is to preserve the splenic
artery and vein, and divide the small branches to the distal pan-
creas (SVP) (Fig. 1). Theoretically this is technically more chal-
lenging; however, it may cause less spleen-related complications.
The number of spleen-preserving distal pancreatectomies using
Warshaw’s technique remains small and published series are often
based on limited personal experience. No randomized controlled
trial has been performed to date and as such the superiority of one
technique over another is not apparent.
The aim of this systemic review was to analyse the merits and
disadvantages of Warshaw’s Technique (WT) and a spleen vessel
preserving (SVP) distal pancreatectomy.
This manuscript was presented at the 10th World IHPBA Congress, Paris,
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Methods and materials
Study design
A comprehensive literature search was performed using Medline,
Embase, PubMed and Cochrane between January 1985 and July
2011. The following search terms were used: ‘spleen preserve*’,
‘spleen preserving’, ‘spleen preservation’, splenic vessel preserv*,
‘splenic vessel preserving’, ‘splenic vessel preservation’, ‘distal pan-
createctomy’, ‘left pancreatic resection’, ‘left pancreatectomy’ and
‘Warshaw technique’. The search strategies were combined which
revealed papers with a spleen-preserving distal pancreatectomy
(SPDP) irrespective of the technique of splenic preservation. The
PRISMA guidelines and flowchart was used for this study.6
Data extraction and eligibility criteria
The abstracts of identified papers were assessed and those that
dealt with SPDP were retained. Excluded papers included those
that were not in the English language and translations could not
be obtained, technical reports, reviews, animal and human cadav-
eric studies. In order to reduce publication bias, case reports, case
series of less than five patients were excluded.
Of the remaining abstracts full articles were obtained. Papers
that did not have sufficient data on the two methods of SPDP
were excluded. Where more than one pancreatic procedure was
reported in an article, only data relating to the distal pancreatec-
tomy were included for analysis. Where sequential reports were
presented from the same Institution, only the most recent data
from that Centre was included for analysis to avoid duplication of
patients.
Data collection
All articles included for analysis were reviewed by two independ-
ent reviewers (G.J. and S.C.). In the case of any ambiguity, the
senior author (A.G.P.) was asked to review the study to reach a
consensus. The presence of any bias was assessed. The technique
of SPDP based on splenic vessel preservation or splenic vessel
ligation and transection was noted. In each group, the patient
characteristics, indications for the operation, estimated blood loss,
operative time, post-operative events and outcomes, complica-
tions including splenectomy rates and conversions, tumour char-
acteristics and histology were reviewed. Morbidity and mortality
rates were also noted.
Statistical analysis
Data extracted for the Warshaw and SVP distal pancrea-
tectomy groups were described in terms of weighted mean and
percentages. The categorical variables were compared using the
chi-square test, with continuous variables compared using the
non-parametric Mann–Whitney U-test. SPSS statistical package
version 17 was used for the analysis (SPSS Inc., Chicago, IL, USA).
Results
The initial search identified 547 relevant articles with 23 articles
included in the final analysis (Fig. 2). All papers were published
between 1988 and July 2011.No randomized controlled trials were
identified. There were two comparative studies (1 prospective and
1 retrospective) and 21 case series (16 retrospective and 5 prospec-
tive articles) with a total of 928 patients treated (Table 1). Within
the case series twomulticentre studies were identified. Two articles
from the same institution were included which covered two dif-
ferent time periods. Seven series performed both aWarshaw and a
SVP distal pancreatectomy; however, only two studies compared
the outcomes between these groups. The remaining 16 series per-
formed either a WT or SVP distal pancreatectomy.
Study heterogeneity and bias
Most of the studies emphasized the feasibility of splenic preserva-
tion and did not necessarily report all relevant data individually
on patients with both techniques. The articles discussing the WT
were mainly case series performed by experts in WT. Similarly,
there were case series performed by experts in the SVP technique.
Thus, a low level of evidence was essentially available for this
review. The best evidence lay in the two comparative studies. In
the prospective comparative study by Fernández-Cruz et al.3 no
definite matching was mentioned, whereas the matched compara-
tive study by Beane et al.7 was retrospective allowing a risk of a
selection bias in both studies. A meta-analysis could not be per-
formed as the studies were too heterogeneous and measures of
dispersion for the outcomes of interest were not readily available
for both techniques.
Patient characteristics
A total of 356 patients underwent WT, whereas 572 patients
underwent a SVP distal pancreatectomy. Age was specified in
only six articles and the weighted mean age for the Warshaw
and SVP patients was similar (Table 2). Cystic neoplasms were
the commonest indication for the procedure. Of the total 928
patients, 401 patients underwent a laparoscopic distal pancreate-
ctomy with splenic preservation of which 105 (30%) underwent a
Figure 1 Laparoscopic splenic vessel preserving distal pancreatec-
tomy in a patient with mucinous cystadenoma in the body of the
pancreas
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laparoscopic Warshaw’s technique and 296 (52%) underwent a
SVP laparoscopic distal pancreatectomy.
Intra-operative data
Operative time was reported in 13 articles. Warshaw’s technique
took significantly less time than SVP (P < 0.001) (Table 3). The
mean estimated blood loss was reported in 371 patients. Blood
loss with the Warshaw technique was significantly less than the
SVP group (P < 0.001). The mean length of stay (LOS) was
reported in 367 patients. LOS for WT patients was significantly
less than for SVP patients (P < 0.001). Many series included
laparoscopic operations and including both techniques after
laparoscopy the conversion rate was 5.5% and the length of
stay was a mean of 7 days. A separate subgroup analysis in
laparoscopic patients was not possible because of a lack of
relevant data.
Complications
An intra-operative splenectomy was similar in the SVP (1.2%,
n = 77) andWT patients (0.6%, n = 2) (P = 0.49). A post-operative
splenectomy after Warshaw’s technique was significantly higher
than SVP (2% v 0%, P < 0.01) and the main indication for a
splenectomy was splenic infarction. (Table 4) Overall, the inci-
dence of a splenic infarction was significantly higher in the
Warshaw group than in the SVP group (P < 0.001). Splenomegaly
was observed only in the Warshaw group (4.2%, n = 15). Both
submucosal and perigastric varices were only seen in the War-
shaw’s technique group; however, only one patient (1%) suffered
from bleeding. None of the patients in the SVP group were
reported to have varices; however, this difference did not reach
statistical significance. The post-operative outcome of Warshaw’s
technique was better evaluated compared with SVP as a post-
operative computed tomography (CT) scan was routinely per-
formed in all patients who underwent the Warshaw’s technique
but only selectively performed in SVP patients. There was no
difference in the pancreatic fistula rate between the WT and SVP
group. The incidence of intra-abdominal collections was also
similar in both groups. Five patients (38%) who underwent
Warshaw’s technique developed significant post-operative pain,
but none in the SVP group reported chronic abdominal pain
(P < 0.05). Death was reported in one patient (0.2%) in the SVP
group, after a traumatic splenic injury, which was thought to be as
a result of undetected post-operative bleeding.
Records identified through
database searching
(n = 547)
Additional records identified
through other sources
(n = 12)
Records after duplicates removed
(n = 195)
Records screened
(n = 195)
Records excluded
(n = 136)
Full-text articles assessed
for eligibility
(n = 59)
Studies included in
qualitative synthesis
(n = 23)
Excluded articles that did
not have sufficient data on
patients with Warshaw or
SVPDP, case series < 5,
English translation not
available
(n = 28)
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Figure 2 PRISMA flow diagram
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Table 1 Characteristics of studies on a spleen-preserving distal pancreatectomy
Study Year Type Centre Technique No. of
patients
Operating
time (min)
Blood
loss (ml)
Splenic
infarction
Splenectomy Stay
(days)
Beane7 2011 Comparative,
retrospective
USA,
2002–2009
Warshaw 41 200 507 16 — 6.3
SVP 45 200 224 1 — 4.5
Fernández-
Cruz3
2004 Comparative,
prospective
Spain,
1999–2004
Warshaw 8 165 275 3 1 —
SVP 10 223 495 0 — —
Ferrone4 2011 Case series USA,
1986–2009
Warshaw 158 — — 15 3 —
Tien27 2010 Case series Taiwan,
2002–2007
Warshaw 37 116 140 — — 8.4
Song28 2011 Case series South
Korea
2005–2010
Warshaw 28 — — 13 — —
SVP 150 — — — — —
Kimura29 2010 Case series Japan
2001–2007
SVP 16 367 243 — — 21
Lee17 2010 Case series South
Korea,
1995–2006
SVP 37 215 396 1 — 16
Laxa30 2010 Case series USA,
2005–2007
SVP 6 164 58 — — —
Taylor11 2010 Case series Australia,
1996–2006
Warshaw 5 — — 2 0 —
SVP 9 — — — — —
Bruzoni10 2008 Case series USA,
2001–2007
SVP 11 152 362 0 — 9
Yadav23 2008 Case series India,
2001–2005
SVP 5 4.75 — 0 — —
Melotti18 2008 Case series Italy,
1999–2005
Warshaw 5 — — 1 1 —
SVP 28 — — — — —
Kleeff31 2008 Case series Germany
1993–2006
SVP 59 200 500 — — 10
Goh32 2008 Case series Singapore,
1986–2006
SVP 21 150 — — 0 7
Uranues33 2006 Case series Austria,
2003–2005
SVP 5 174 — — — —
Carrere5 2006 Case series France,
1990–2005
Warshaw 36 — — — — —
Dulucq19 2005 Case series France,1995–2003 Warshaw 16 154 162 — — 10.8
Mabrut20 2005 Case series Multicentre
European
1995–2002
Warshaw 7 — — 1 2 —
SVP 54 — — — —— —
Miura34 2005 Case series Japan,
1995–2003
Warshaw 9 — — 0 0 —
Shoup1 2002 Case series USA,
1983–2000
SVP 46 2.9 350 — — 7
Lillimoe16 1999 Case series USA,
1994–1997
SVP 37 5.1 566 — — 21
Benoist35 1999 Case series France,
1992–1997
SVP 15 — — 0 0 —
Aldridge15 1991 Case Series UK,
1978–1990
Warshaw 5 — — 0 0 —
SVP 30 — — — — —
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Discussion
Malignant tumours of the body and tail of the pancreas require a
distal pancreatectomy and splenectomy to achieve oncological
clearance as lymph node involvement is commonly seen in pan-
creatic adenocarcinoma (30–70%), invasive intraductal papillary
mucinous neoplasms (46%) and invasive mucinous cystic neo-
plasms (24%).5,8–11 A splenectomy is associated with a lifetime risk
for developing overwhelming post splenectomy infection (OPSI)
of 1% to 5% in the general population and OPSI is associated with
a mortality of 50–70%.12 Patients are required to undergo pre-
operative prophylactic vaccinations and a lifelong commitment to
antibiotic treatment to prevent sepsis.13 In 985 patients who
underwent a splenectomy in conjunction with surgery for non-
traumatic or non-malignant conditions of adjacent organs, a 40%
elevated risk of total cancer was found 5–9 years later, with sig-
nificant increases of lung and ovarian cancers.14 Therefore, pre-
serving the spleen has a number of health advantages. As a result,
splenic preservation is becoming the preferred approach when
undertaking a distal pancreatectomy in benign conditions or dis-
eases with a low malignant potential. Comparative studies on
distal pancreatectomy with and without spleen preservation have
shown that the spleen can be safely preserved and that it carries
the same risk of post-operative morbidity when compared with
a distal pancreatectomy with splenectomy.15,16 A case-matched
study demonstrated better long-term outcomes and fewer
complications with splenic preservation methods.5 A laparoscopic
approach to a distal pancreatectomy is growing in popularity and
several series from 2004 to 2011, have successfully used a laparos-
copy for both techniques with a low conversion rate (5.5%).3,7,17–20
While splenic preservation is considered the operation of
choice during a distal pancreatectomy for benign disease, the
surgical technique for splenic preservation is yet to be decided.
Spleen preservation with ligation and transection of splenic
vessels was described by Warshaw in 1988 in an open distal
pancreatectomy.2A SVP distal pancreatectomy was performed ini-
tially by paediatric surgeons.21 It was later successfully performed
by Aldridge in 199115 and has since then been popularized by
Kimura et al.22 In a retrospective matched comparative study,7 45
SVP patients were compared with 41 WT patients. SVP patients
were found to have significantly less blood loss and splenic infarc-
tions than the WT patients. Conversely, in the only prospective
comparative study, 11 SVP patients were compared with eightWT
patients3 and here theWT patients had significantly less blood loss
and a shorter operating time than the SVP group. These contrast-
ing results highlight the difficulty in choosing one technique over
the other.
TheWarshaw approach to a distal pancreatectomy may be con-
sidered less technically demanding than splenic vessel preserva-
tion which involves meticulous dissection and control of the
pancreatic branches of the splenic vessels. This difference in sur-
gical approach is reflected in shorter operating times (160 versus
215 min, P < 0.001) and less blood loss (P < 0.01) seen in WT
patients compared with SVP. Intra-operative complications
requiring a splenectomy were similar in the SVP group (1.2%,
n = 7)3,19,23 and the WT group (0.6%, n = 2). The main reason for
proceeding with an intra-operative splenectomy was bleeding
from the splenic vessels.3,18 If the intended surgical approach was
a SVP technique, the success rate ranged from 55–84% and in the
unsuccessful patients quite oftenWTwas attempted.3,4,18 However,
in the WT, the procedure was successfully completed in 95–100%
of patients.3,5
It is felt that WT can lead to more post-operative problems
compared with SVP. InWT, splenic vessel ligation and transection
places the spleen at a greater risk of ischaemia compared with SVP.
Sato et al.24 found that on assessment with colour Doppler after
WT, the blood supply to the spleen was half of that seen pre-
operatively; however, the blood supply recovered within 10 days
after surgery. In an analysis of splenic artery embolization after
trauma, 63% of patients’ experienced splenic infarction with
proximal embolization but all resolved over time.25 After routine
post-operative screening in his patients, Warshaw felt that a
splenic infarction is well tolerated as long as the area affected is less
than a third of the spleen and in these patients an intervention
may not be required.26 The findings of this review confirm that
splenic infarction rates were significantly higher in WT (22%)
compared to SVP patients (1.9%, P < 0.01). However, the post-
operative splenectomy rate after a WT is only 2% (SVP group
0%). There is probably a process of cell necrosis in the infarcted
Table 2 Patient characteristics
Warshaw's
technique
SVP
technique
Age (years)a 52 (47–58) 48 (25–66)
Gender (male : female) 100:195 43:69
Indications:b
Cystic and solitary pseudo
papillary neoplasms:
39% (95/247) 30% (37/124)
IPMN 18% (44/247) 31% (39/124)
Neuroendocrine tumours 16% (41/247) 9% (11/124)
Malignancy 4% (10/247) 10% (12/124)
Others (cysts, pancreatitis,
trauma)
23% (57/247) 20% (25/124)
aData in weighted mean (range).
bData in percentage (number of patients/ total number of reported
patients).
IPMN, intraductal papillary mucinous neoplasm.
Table 3 Peri-operative outcomes
Warshaw's
technique
SVP technique P-value
Operating time (min) 160 (116–200) 215 (150–367) < 0.001
Blood loss (ml) 301 (140–507) 391 (58–566) < 0.001
Length of stay (days) 8 (6–11) 11. (4–21) < 0.001
All data in weighted mean (range).
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spleen with regeneration of viable splenic tissue supplied by the
short gastric vessels (Fig. 3). As sequelae of this it is not uncom-
mon for patients to experience pain.3,11 Chronic pain was signifi-
cantly higher in the Warshaw group (38%) than the SVP group
(0%).
Three important determinants for a successful Warshaw’s tech-
nique have emerged from the literature. They include the size of
the spleen, acute inflammation and variation in splenic vessel
anatomy, such as paucity of short gastric vessels. All of these
factors can be assessed on a pre-operative CT scan. Perfusion from
Table 4 Complications
Warshaw's technique SVP technique aP-value
Splenic complications:
Post-operative splenectomy 2% (7/356) 0% (0/574) 0.001
Splenic infarction 22% (51/233) 2% (2/103) <0.001
Perigastric varices 17% (39/232) 0% (0/15) 0.14
Submucosal varices 11% (5/46) 0% (0/15) 0.58
Intra-abdominal collections 6% (7/111) 4% (12) 0.29
Pancreatic fistula 11% (17/148) 16% (41/253) 0.15
Chronic left-sided abdominal pain 38% (5/13) 0% (0/15) 0.048
All data in percentage (number of patients/total number of reported patients).
aP-values calculated using the chi-square test.
Figure 3 Laparoscopic Warshaw technique in a patient showing (a) areas of ischaemia (straight arrows) intra-operatively and (b) on
computerised tomography (CT) 10 days post-operatively. Serial CT scans show (c) a reduction in ischaemia (straight arrows) at 1 month and
(d) regeneration and hypertrophy of the spleen at 6 months (curved arrow)
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the short gastric vessels may not be adequate for splenomegaly
patients. WT can increase the pressure in the short gastric vessels
causing varices. In this review, perigastric and submucosal varices
were seen after WT but this was not significant compared with
SVP patients. In a study of 37 patients after WT, on serial CT scan
and endoscopy, 11 patients were found to have developed perigas-
tric varices and three had developed gastric submucosal varices.
After 18 months, gastric submucosal varices did not show any
progression and none of the patients had variceal bleeding after
45.3 months.27 Therefore, developing varices may be a physiologi-
cal adjustment without any clinical relevance. Other known
sequelae including pancreatic fistulae or intra abdominal abscess
rates were similar after both surgical techniques.
This review was limited by the level of evidence reported in the
literature, a dearth of well-designed comparative studies, a com-
parison of different case series that could not be matched and the
difference in experience of the surgeon performing a particular
technique. In spite of these short comings, this systematic review
has given us a better understanding of both theWarshaw and SVP
techniques.
Conclusion
The WT and SVP technique have certain benefits and disadvan-
tages. The Warshaw technique is easier to perform than SVP as
confirmed by a shorter operating time, less blood loss and higher
completion rate. However, post-operatively WT is associated with
splenic ischaemia and possible chronic pain and a higher rate of
splenectomy than SVP. So patients with a normal-sized spleen,
good blood supply from short gastric vessels and those who need
a short operation may benefit from WT. The SVP technique may
be performed in most situations, but WT may still be considered
to attempt spleen preservation when SVP fails. In conclusion, both
the WT and SVP technique should be present in the armamen-
tarium of the surgeon as both techniques have a specific role to
play in a spleen-preserving distal pancreatectomy.
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